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Abstract  
The effects of global Lewis number on the behaviour of the unclosed terms of the Flame Surface Density (FSD) 
transport equation in the context of Large Eddy Simulations (LES) have been analysed using a three-dimensional 
compressible Direct Numerical Simulation (DNS) database of statistically planar turbulent flames with global Lewis 
number Le ranging from 0.34 to 1.2. The DNS data is explicitly LES filtered using a Gaussian filter to extract the 
FSD and the unclosed terms of its transport equation. The statistical behaviours of the unclosed terms of the FSD 
transport equation at various filter widths for different Le flames have been explained in detail.  
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Introduction 
Flame Surface Density (FSD) based closure is one 
of the most well-established methods of reaction rate 
modelling in the context of Reynolds Averaged Navier 
Stokes (RANS) simulations of turbulent premixed 
flames [1,2]. Extension of FSD based methodology for 
the purpose of LES is relatively recent [3-9]. In the 
context of RANS and LES simulations the FSD is either 
modelled by an algebraic expression in the Favre 
averaged/filtered reaction progress variable transport 
equation [3,9,10] or a modelled transport equation is 
solved alongside other conservation equations [1,4-8]. 
To date, most FSD based modelling has been carried out 
for unity Lewis number conditions where effects of 
differential diffusions of heat and mass were ignored. 
The Lewis number Le is defined as the ratio of thermal 
diffusivity to mass diffusivity (i.e. Le = αT/D). The 
effects of Le on the behaviour of the unclosed terms of 
the FSD transport equation have been studied recently 
[11-13] in the context of RANS. However, the 
influences of Le on the statistical behaviours of the 
unclosed terms of the FSD transport equation at 
different LES filter widths are yet to be addressed and 
this paper addresses this gap in the existing literature.  
In order to address the aforementioned objectives, 
three-dimensional DNS simulations with single step 
Arrhenius type chemistry have been carried out for 
freely propagating statistically planar turbulent 
premixed flames under decaying turbulence. The 
thermo-chemical parameters are chosen such that the 
normalised turbulent root-mean-square velocity 
fluctuation LSu / , integral length scale to thermal flame 
thickness ratio l /th  and heat release parameter 
  (Tad T0) /T0   are identical for all of the flames in the 
present database, with values given by 5.7/  LSu , 
45.2/ thl   and 5.4 .  The thermal flame thickness 
δth is defined as: )ˆ(/)( 0 Ladth TMaxTT   where Tˆ  is 
the dimensional temperature, T0 is the unburned gas 
temperature and Tad is the adiabatic flame temperature. 
For the present thermo-chemistry the values of SL and 
δth remain the same for the all the flames in this 
database. For the specified values of 
LSu /  and  thl / , 
the Damköhler number thL uSlDa  / , Karlovitz 
number 2/12/3 )/()/(  thL lSuKa   and turbulent Reynolds 
number 
00 /Re  lut   take the values 33.0Da , 
13Ka  and 0.47Re t  for all cases where 0 and 0 
are the unburned gas density and viscosity respectively.   
 
A compressible DNS code called SENGA 
[6,7,10,12,13] is used to carry out the simulations. For 
all cases a Cartesian grid of 230×230×230 with uniform 
grid spacing is used to discretise a cubic domain of 
24.1δth ×24.1δth ×24.1δth . About 10 grid points are kept 
within δth to resolve the reaction zone. The boundaries 
in the direction in the direction of mean flame 
propagation are considered to be partially non-reflecting 
which are specified using the Navier Stokes 
Characteristic Boundary Conditions [14]. The transverse 
boundaries are considered to be periodic. The spatial 
discretisation is carried out using a 10th order central 
difference scheme for the internal grid points and order 
of differentiation decreases gradually to a one-sided 2nd 
order scheme at non-periodic boundaries. The time 
advancement is carried out using a 3rd order low storage 
Runge-Kutta scheme. Turbulent velocity fluctuations 
are initialised by using a standard pseudo-spectral 
method following the Batchelor-Townsend spectrum. In 
all cases the flame is initialised by a steady planar 
laminar flame solution. Standard values of Prandtl 
number (Pr=0.7), Zel’dovich number 
( 0.6/)( 20  adadacz RTTTE ) and ratio of specific 
heats (γ=1.4) have been used. In general, decaying 
turbulence simulations should be run for a time tsim = 
max(tf, tc), where tf =l/u’ is the initial eddy turn over 
time and tc = th/SL is the chemical time scale. All the 
simulations have been run for about three initial eddy 
turn over times which correspond to about one chemical 
time scale. It is admitted that the simulation time 
remains small but several previous studies 
[3,7,8,12,13,15-18] with similar or smaller simulation 
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time contributed significantly to turbulent combustion 
modelling. 
 
Specific Objectives 
A reaction progress variable (c) which increases 
monotonically from zero to one from the reactants to 
completely burned products for non-unity Lewis 
number flames can be defined in terms of a suitable 
reactant mass fraction YR (e.g. mass fraction of the 
deficient species) as: )/()( 00  RRRR YYYYc  where 
sub-scripts 0 and ∞ refer to values in unburned reactants 
and fully burned products. For low Mach number, unity 
Lewis number flames the non-dimensional temperature  
)/()ˆ( 00 TTTTT ad   becomes exactly equal to c but 
this equality does not hold for non-unity Lewis number 
conditions. For non-unity Le conditions local 
temperature can attain values greater than Tad   which 
leads to T greater than unity (i.e. T > 1) whereas c 
remains bound between 0 and 1.0. Thus for non-unity 
Le flames a separate energy equation needs to be solved 
but the reaction rate closure for FSD also contributes to 
the closure of the source term arising due to heat release 
in the energy transport equation. Boger et al. [3] defined 
a generalised FSD (Σgen) in the following manner:  
                                cgen                                   (1) 
where the overbar indicates an LES filtering operation. 
The sum of the LES filtered reaction rate and molecular 
diffusion rate of the reaction progress variable can be 
expressed in terms of 
gen  as: 
                         
gensdScDw  )().(                     (2) 
where ,w  and D are the chemical reaction rate of c, 
density, and mass diffusivity respectively, while the 
displacement speed Sd of the  cc  isosurface is 
defined as: 
                 ccd ccDwS  /)).((               (3) 
In eq. 2 sQ)( indicates a surface averaging operation 
given by [3]: ccQQ s  /)( . The filtering operation is 
carried out using a standard three-dimensional Gaussian 
filter [3]: )/.6exp()/6()( 22/32  rrrG    and the 
filtered values of a general quantity Q is given by:         
  rdrGrxQxQ  )()()( . The unclosed transport 
equation for Σgen is given by [4-8]: 
  
    
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where  ccii cxcN /)/(  is the i
th component of  
flame normal vector. The unclosed terms T1, T2, T3 and 
T4 are known as sub-grid convection, tangential strain 
rate term, curvature term and propagation term 
respectively [4-8]. 
 
 
Results and Discussion  
In the present study, the statistical behaviours of the 
unclosed terms of the FSD transport equation (i.e. T1, 
T2, T3 and T4) will be presented for different values of 
LES filter widths ranging from 4Δm to 24Δm where Δm 
is the DNS grid size, which corresponds to about 0.1δth 
for all the cases considered here. The LES filter width 
of 24Δm = 2.4δth corresponds to almost the integral 
length scale l ≈2.45δth for the database considered here. 
 
Statistical behaviour of  Σgen 
The variation of Σgen× δth with c~  is shown in Fig. 1 for 
the Le = 0.34, 0.8 1.0 and 1.2 where values of  Σgen× δth 
have been ensemble-averaged on c~  isosurfaces 
following Boger et al. [3] in order to remove data 
scatter. The Le=0.6 case is not shown because of its 
qualitative similarity to the Le=0.34 case. It can be seen 
from Fig. 1 that Σgen remains slightly skewed towards 
the burned gas side (i.e. 5.0~ c ) for small filter 
widths (e.g. Δ=4Δm) for the Le =0.8, 1.0 and 1.2 flames 
but the profile becomes skewed towards 5.0~ c  for 
large values of filter widths (e.g.  Δ=24Δm). Similar 
behaviour has been observed for the Le =0.34 case but 
the conditional averaged value of Σgen×δth peaks at 
5.0~ c  at small filter width (e.g.  Δ=4Δm).  It can also 
be seen from Fig. 1 that the magnitude of Σgen×δth 
decreases with increasing filter width Δ due averaging 
over a larger volume where the contributions arising 
from the close to the centre of the filter volume are 
weighted more heavily.  For small values of Δ (e.g. 
Δ=4Δm) Σgen× δth assumes higher values in the Le=0.34 
flame than in the flames with Le ≈1. However, Σgen× δth 
values for all the flames remain comparable for large 
values of Δ (e.g. Δ=24Δm). 
 
Statistical behaviour of the unclosed terms 
The contributions of T1, T2, T3 and T4 for different filter 
widths for the Le = 0.34, 0.8, 1.0 and 1.2 flames are 
shown in Fig. 2 where the values have been ensemble-
averaged on c~  isosurfaces. The following observation 
can be made from Fig. 2: 
 For all flames the terms T1, T2 and T3 remain small in 
comparison to the contribution of T4 at small values of Δ but the contributions of all the terms remain 
comparable for large values of Δ. The contribution of 
the propagation term T4 remains positive (negative) 
towards the unburned (burned) gas side of the flame 
brush. 
 For a given filter width Δ, the relative magnitude of 
the contribution of T1 in proportion to the magnitude of 
the terms T2, T3 and T4 increases with decreasing Le. 
 The strain rate term T2 remains a source term for all 
the filter widths for all the cases considered here.  
 The curvature term T3 remains a sink term for the Le = 
0.8, 1.0 and 1.2 flames for all values of Δ and the term 
T3 remains almost in equilibrium with the source 
contribution of T2.  For Le = 0.34 and 0.6 (not shown 
here) flames the curvature term T3 remains positive 
throughout the flame brush for small values of Δ (e.g. 
Δ=4Δm) but the contribution of T3 remains positive 
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(negative) towards the unburned (burned) gas side of the 
flame brush for large values of Δ (e.g. Δ=24Δm).  
 It can be seen from Fig. 2 that the net positive 
contribution arising from T2 and T3 overcomes the 
negative contributions of T3 by a large amount in the Le 
= 0.34 and 0.6 (not shown) flames. This suggests the 
generation of flame surface area is greater than its 
destruction in these flames. By contrast, the generation 
and destruction rate of FSD remain approximately in 
equilibrium in the Le = 0.8, 1.0 and 1.2 flames. This 
higher rate of area generation rate in the small Lewis 
number flames can be substantiated from the values of 
turbulent flame surface area normalised by the 
corresponding laminar value AT/AL for these flames (i.e. 
AT/AL=3.93, 2.63, 2.11, 1.84 and 1.76 for the Le = 0.34, 
0.6, 0.8, 1.0 and 1.2 flames respectively) where area A is 
evaluated by the volume averaging:  
V
dc  .  
(a)      (b)  
(c)      (d)  
 
Fig. 1: Variation of Σgen ×δth  with c~  at Δ=4Δm( ), 
12Δm( ) and 24 Δm( ) for Le = (a) 0.34, (b) 
0.8, (c) 1.0 and (d) 1.2. 
 
 Higher generation rate of FSD than its destruction rate 
in the Le <<1 flame gives rise to higher magnitude of 
Σgen× δth for small values of Δ (e.g. Δ=4Δm) in the Le = 
0.34 flame than in the Le ≈1.0 flames, as shown in Fig. 
1.The physical explanations for the observed behaviours 
of the terms T1, T2, T3 and T4 in Fig. 1 will be presented 
next in this paper. 
 
Behaviour of the sub-grid convection term T1 
The behaviour of the sub-grid convection term 
depends on the statistical behaviour of the sub-grid flux 
of generalised FSD (i.e.
genisi uu  ]~)([  ). The distributions 
of 
geniisi Muu  ]~)([   and iigen Mx )/(   conditionally 
averaged on c~  isosurfaces are shown in Fig. 3 
where cxcM ii  /)/(  is the ith component of the 
resolved flame normal vector. Comparing the signs of 
geniisi Muu  ]~)([   and iigen Mx )/(   it is evident that the 
sub-grid flux of FSD shows predominantly gradient 
type transport (i.e.
igentgenisi xScuu   /)/(]~)([  ) for the 
Le=0.8, 1.0 and 1.2 flames but a predominantly counter-
gradient transport is prevalent in the Le = 0.34 case. A 
counter-gradient transport has also been observed for Le 
= 0.6 case (not shown here for the sake of brevity). The 
rate of burning increases with decreasing Le and this 
behaviour is particularly prevalent in the Le<<1 flames 
because of thermo-diffusive instabilities. This can be 
substantiated from the nomalised turbulent flame speed 
ST/SL values (i.e. ST/SL = 13.70, 4.58, 2.53, 1.83 and 
1.50 for the Le =0.34, 0.6, 0.8, 1.0 and 1.2 flames 
respectively) where ST is evaluated by volume-
integrating the chemical reaction rate (i.e. 

V
PT dwAS  )/1( 0   where AP is the projected area in 
the direction of mean flame propagation).   
The enhanced burning rate in the small Lewis 
number flames gives rise to stronger flame normal 
acceleration which overcomes the effects of turbulent 
velocity fluctuations to result in a counter-gradient 
transport of FSD. A similar behaviour of un-resolved 
turbulent flux of FSD in response to Le has been 
demonstrated earlier in the context of RANS by 
Chakraborty and Cant [13,15]. The sub-grid FSD 
transport term isi uu
~)(   can be written as [4]: 
 }])()({})()([{)()(~)( RiRsiPiPsiRiRsiisi uuuuKuuuu   
                   ])()()[~( RiPi uucK                                  (5) 
where K is a constant which depends on the c  
isosurface  cc  [4].  
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Fig. 2: Variation of normalised T1 ( ), T2( ), 
T3 ( ) and T4 ( ) with c~  at Δ=4Δm (1st 
column),  12Δm (2nd column) and 24Δm (3rd column) for  
Le=0.34 (1st row), Le=0.8 (2nd row), Le=1.0 (3rd row) and 
Le=1.2 (4th row).  
 
Hawkes [4] indicated that the first term on the right 
hand side of eq. 5 might be seen to represent a 
component of transport connected with sub-grid 
turbulent velocity fluctuation u and can be modelled 
by conventional gradient transport. The second term is 
associated with heat release as indicated by Veynante et 
al. [17]. The slip velocity RiPi uu )()(   can be taken to 
scale with iL MS   (i.e. iLRiPi MSuu  ~)()( ) 
where cgen  /  is the sub-grid wrinkling factor 
[19]. The magnitudes of sub-grid turbulent velocity 
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fluctuation u  and   increase with increasing Δ and 
relative strengths of u  and   determine Δ 
dependence of 
geniisi Muu  ]~)([  in the Le = 0.34, 0.6 and 
0.8 flames. As  
geniisi Muu  ]~)([   is primarily driven by 
sub-grid turbulent velocity fluctuation u for the Le = 
1.0 and 1.2 cases considered here, the magnitude of 
geniisi Muu  ]~)([  increases with increasing Δ due to 
strengthening of the effects of u  .  
 
 
 
 
 
 
Fig 3: The variation of 
geniisi Muu  ]~)([  (1st column) and 
iigen Mx )/(   (2nd column) with c~  at Δ= 
4Δm( ), 8Δm( ),12Δm( ), 16Δm( ),   
20Δm( ),  and 24 Δm( ) for Le= 0.34 (1st row), 
0.8 (2nd row), 1.0 (3rd row), 1.2 (4th row)  
 
Behaviour of the tangential strain rate term T2 
The variations of T2 conditionally averaged on  
c~ values are shown in the first column in Fig. 4. The 
peak value of conditionally averaged T2 shifts from 
5.0~ c  to 5.0~ c  with increasing Δ for the Le=0.8, 1.0 
and 1.2 flames. However, in the Le = 0.34 flame the 
profile of T2 remains skewed towards 5.0~ c  for all the 
filter widths considered here. Similar behaviour has 
been observed for the Le = 0.6 flame (not shown here) 
but the extent of skewness towards 5.0~ c  remains 
smaller than that in the Le = 0.34 case. In the Le<<1 
flames the non-dimensional temperature T and reaction 
progress variable c fields become significantly different 
from each other and this makes the distribution of c   
and u.  within the flame significantly different from 
those in the Le≈1.0 flames. This makes the distribution 
of T2 in the Le=0.34 flame different in comparison to 
the Le=0.8, 1.0 and 1.2 flames. The magnitude of the 
term T2 also decreases with increasing Δ for all cases 
because of averaging over a larger volume where the 
contributions arising from the close to the centre of the 
filter volume are weighted more heavily. Moreover, it 
can be seen from Fig. 4 that the magnitude of T2 for a 
given filter width decreases with increasing Le. In order 
to explain the above behaviour, the term T2 is split in the 
following manner: 
    
ND T
gensjiji
T
gensii xuNNxuT  )/()/(2       (6) 
where TD and TN are dilatation rate and normal strain 
contributions to the FSD transport.  
 
 
 
 
 
Fig 4: The variation of normalised T2 (1st column), TD 
(2nd column) and TN (3rd column) with c~  at Δ= 
4Δm( ), 8Δm( ), 12Δm( ),16Δm( ),   
20Δm( ),  and 24 Δm( ) for Le= 0.34 (1st row), 
0.8 (2nd row), 1.0 (3rd row), 1.2 (4throw).  
 
The variations of TD and TN  are shown in 2nd and 3rd 
columns of Fig. 4. The term TD remains positive 
throughout the flame brush because of predominantly 
positive values of dilatation rate u. . As the effects of 
heat release is stronger in Le<<1 flames, dilatation rate 
assume higher values which in turn gives rise to 
increasing magnitude of TD with decreasing Le at a 
given Δ (see 2nd column of Fig. 4). The normal strain 
rate term TN assumes predominantly negative values for 
the major portion of the flame brush for all the flames 
but positive values can also be discerned towards the 
unburned and burned gas side of the flame brush for the 
Le =0.8, 1.0 and 1.2 flames. The statistical behaviour of 
TN depends on the alignment of c  with local principal 
strain rates [12, 13]. Chakraborty et al. [18] showed that 
c   alignment with local principal strain rate depends 
on the relative strengths of turbulent straining aturb and 
strain rate induced by chemical heat release achem. The 
quantity c  aligns with the most extensive principal 
strain rate if  achem dominates over aturb. By contrast, c  
aligns with the most compressive principal strain rate if 
aturb dominates over achem. Predominant alignment of c  
with the most extensive (compressive) principal strain 
rate yields a negative (positive) contribution of TN. It 
has been shown in Ref. [18] that the extent of the 
alignment of c  with the most extensive (compressive) 
principal strain rate increases with decreasing Le 
because of strong heat release effects at small values of 
Le. Even in the Le≈1.0 flames achem in the reaction zone 
may become strong enough to overcome aturb to yield a 
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preferential alignment of c  with the most extensive 
principal strain rate, which gives rise to negative 
contributions of TN. The effects of heat release becomes 
weak towards both unburned and burned sides of the 
flame brush where c  aligns with the most compressive 
principal strain rate, which leads to positive values of TN 
towards unburned and burned gas side of the flame 
brush. As the effects of heat release are strong and the 
extent of the alignment of c  with the most extensive 
principal strain rate is high in the Le <<1 flames, the 
term TN assumes negative values with high magnitude 
for flames with small Lewis number. The magnitudes of 
TD and TN decrease with increasing Δ because of the 
filtering operation as explained earlier. A comparison 
between TD and TN reveals that TD overcomes TN  to 
yield a positive value of T2 and high magnitude of TD in 
small Le cases gives rise to high values of T2 (see 1st 
row of Fig. 4). 
 
   
 
 
 
 
Fig 5: Variation of normalised T3 (1st column), T31 (2nd 
column) and T32 (3rd column) with c~  at Δ= 
4Δm( ), 8Δm( ), 12Δm( ),16Δm( ),   
20Δm( ),  and 24 Δm( )for Le= 0.34 (1st row), 
0.8 (2nd row), 1.0 (3rd row), 1.2 (4throw). 
 
Behaviour of the curvature term T3 
The variations of conditionally-averaged values of 
T3 with c~  for different filter widths Δ are shown in the 
1st column of Fig. 5. It can be seen from Fig. 5 that Le 
significantly affects the statistical behaviour of T3. For 
the Le=0.34 flame the contribution of T3 remains 
positive for small values of Δ (e.g. Δ=4Δm) whereas this 
term remains positive (negative) towards the unburned 
(burned) gas side of the flame brush for large values of 
Δ (e.g. Δ=24Δm). Similar behaviour has been observed 
for the Le = 0.6 flame (not shown here). However, in the 
Le = 0.8, 1.0 and 1.2 flames the contribution of T3 
remains negative throughout the flame brush. In order to 
explain this behaviour it is useful to split T3 in the 
following manner: 
    
3231
)(4])[(2 23
T
gensm
T
gensmnr DSST            (7) 
The variations of conditionally-averaged values of  T31 
and T32 with c~  for different filter widths are shown in 
2nd and 3rd columns of Fig. 5. It can be seen from eq. 7 
that T32 remains deterministically negative throughout 
the flame brush for all filter widths. As the extent flame 
wrinkling increases with decreasing Le, the magnitude 
of 2m  assumes high values for small Lewis number 
flames. This, along with high values of diffusivity D  for 
the small values of Lewis number, gives rise to larger 
magnitude of T32  at a given filter width Δ. For the Le = 
1.0 and 1.2 flames the contribution of T31 remains 
weakly negative for small values of Δ but the magnitude 
of this contribution increases with increasing filter 
width Δ. By contrast, in the Le = 0.34, 0.6 (not shown) 
and 0.8 flames T31 remains positive throughout the 
flame brush for small values of Δ but the magnitude of 
the contribution of T31 decreases with increasing filter 
width Δ and this contribution remains positive 
(negative) towards the unburned (burned) gas side of the 
flame brush. As T31 remains greater than T32  for small Δ 
(i.e.Δ= 4Δm) for the Le =0.34 and 0.6 (not shown) 
flame, a positive contribution of T3 is observed 
throughout the flame brush. For large values of Δ, the 
positive contribution of T31 dominates over negative T32 
towards the unburned gas side to result in a positive 
contribution of T3 towards the unburned gas side for the 
Le = 0.34 and 0.6 cases. However, the negative 
contribution of T32 dominates over the positive 
contribution of T31 towards the unburned gas side for the 
Le = 0.8, 1.0 and 1.2 flames which leads to negative 
values of T3 throughout the flame brush. The correlation 
coefficients for the mnr SS  )(  and mc   
correlations for five different c isosurfaces are shown in 
Fig. 6, which show that both )( nr SS   and c  remain 
positively (negatively) correlated with curvature for the 
Le < 1 (Le > 1) flames which give rise predominantly 
positive contributions of T31 for the Le = 0.34 and 0.6 
cases for small values of Δ and the extent of positive 
contribution increases with decreasing Le for the Le<1 
flames. As both )( nr SS   and c  are weakly 
correlated with m  for Le = 1 flame and thus T31 remain 
positive (negative) towards the unburned (burned) gas 
side of the flame brush,  as 
sm )(  remains positive 
(negative) towards the unburned (burned) gas side for 
large values Δ. The extent of negative contribution of 
T31 is greater in the Le = 1.2 flame because of negative 
mnr SS  )(  and mc   correlations. 
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Fig 6:  Correlation coefficients for (Sr+Sn)-κm and |׏c|-
κm correlations across the flame brush.  
 
 6
Behaviour of the propagation term T4 
The variations of T4 conditionally averaged on  
c~ values are shown in the 1st column in Fig. 7 for 
different LES filter widths. The term T4 can be written 
as: ).(4 cST d   and thus it acts as a diffusive term 
where Sd plays the role of diffusivity.  The probability 
of finding positive Sd supersedes the probability of 
finding negative values, which can be substantiated 
from the 2nd column of Fig. 6 where sdS )(  for different 
filter widths are shown. It can be seen from Fig. 6 that 
sdS )(  increases from unburned to burned gas side of the 
flame brush because of heat release and the value of 
sdS )( increases with decreasing Le because of enhanced 
rate of burning arising from thermo-diffusive 
instabilities. Due to the predominantly positive values of 
Sd, the term T4 remains positive (negative) towards the 
unburned (burned) gas side similar to the molecular 
diffusion term ).( cD  [20]. High values of sdS )(  in 
the Le = 0.34 flame give rise to larger magnitude of T4 
in comparison to the Le =0.8, 1.0 and 1.2 flames 
although the qualitative behaviour of T4 remains 
unaffected by the change in Le. 
 
 
 
 
 
 
Fig 7: Variation of normalised, T4 (1st column) and 
sdS )(  (2
nd column) with c~  at Δ= 4Δm( ), 8Δm 
( ), 12Δm ( ), 16Δm ( ),   20Δm ( ) 
and 24Δm ( ) for Le= 0.34 (1st row), 0.8 (2nd row), 
1.0 (3rd row), 1.2 (4throw). 
 
 
Conclusions 
The effects of global Lewis number on the statistical 
behaviours of the unclosed terms of the FSD transport 
equation have been addressed using a DNS database of 
statistically planar turbulent premixed flames with 
global Lewis number ranging from 0.34 to 1.2. It has 
been shown that the statistical behaviours of the sub-
grid convection, normal strain rate and curvature 
contributions to the FSD transport are significantly 
affected by the Lewis number while the qualitative 
behaviour of the dilatation rate, tangential strain rate 
and propagation contributions to the Σgen transport 
remains unaltered. However, Le and LES filter width Δ 
significantly affect the relative magnitudes of these 
terms. Detailed physical explanations have been 
provided for the observed behaviours of the unclosed 
terms in the Σgen transport equation. The modelling of 
the Le effects on the unclosed terms of the FSD 
transport equation in the context of LES will form the 
basis of future investigations.  
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